Studies on culture-related differences in cognition have shown that Westerners attend more to object-related information, whereas East Asians attend more to contextual information. Neural correlates of these different culture-related visual processing styles have been reported in the ventral-visual and fronto-parietal regions. We conducted an fMRI study of East Asians and Westerners on a visuospatial judgment task that involved relative, contextual judgments, which are typically more challenging for Westerners. Participants judged the relative distances between a dot and a line in visual stimuli during task blocks and alternated finger presses during control blocks. Behaviorally, East Asians responded faster than Westerners, reflecting greater ease of the task for East Asians. In response to the greater task difficulty, Westerners showed greater neural engagement compared to East Asians in frontal, parietal, and occipital areas. Moreover, Westerners also showed greater suppression of the default networka brain network that is suppressed under condition of high cognitive challenge. This study demonstrates for the first time that cultural differences in visual attention during a cognitive task are manifested both by differences in activation in fronto-parietal regions as well as suppression in default regions.
INTRODUCTION
Studies on cultural differences in cognition have shown that whereas Westerners display an analytic visual processing style and attend more to features of an object in a picture, East Asians use a more holistic approach, preferentially attending to contextual information Nisbett, 2001, 2006; Nisbett et al., 2001; Nisbett, 2003; Nisbett and Masuda, 2003; Chua et al., 2005; Nisbett and Miyamoto, 2005; Miyamoto et al., 2006; Masuda et al., 2008; Boduroglu et al., 2009; . These studies have suggested that culture-related differences in analytic and holistic visual processing styles operate as biases in visual attention and perceptual processes that act on incoming visual stimuli. Indeed, neural correlates of these culture-related differences in visual processing have been observed in the fronto-parietal attentional system (Hedden et al., 2008) and ventral-visual perceptual system (Gutchess et al., 2006; Goh et al., 2007; Jenkins et al., 2010) , that are consistent with an analytic visual processing style in Westerners and a holistic visual processing style in East Asians.
In this present study, we postulated that culture-related differences in visual processing should also be associated with another important brain system that is sensitive to differential attention to external stimulithe default-network (Greicius et al., 2003; Buckner et al., 2008; Miller et al., 2008; Anticevic et al., 2010; Hayden et al., 2010; Spreng et al., 2010) . Specifically, we hypothesized that, due to a more analytic processing style, Westerners would have more difficulty and require greater attentional effort compared to East Asians in certain kinds of visuospatial tasks, in particular tasks that involve relative judgments. In contrast, East Asians would perform relative judgments with greater ease than Westerners due to their preference for holistic processing. We expected that attentional differences between Westerners and East Asians during such cognitive tasks would not only be associated with differences in fronto-parietal attention systems, as found in Hedden et al. (2008) , but also extends further even to the default network.
The default network is a set of brain regions that are suppressed or deactivated during task conditions that require attention to external stimuli compared to rest conditions, across many different types of experimental tasks Greicius et al., 2003) . The brain regions that have been implicated as part of the default network include medial frontal, posterior cingulate, bilateral angular and at times the medial temporal regions. Findings from default-network studies suggest that it is involved in processing more introspective aspects of cognition such as autobiographical memory and other self-referential information Mason et al., 2007; Andrews-Hanna et al., 2010) . These introspective processes are suppressed when a task directs attention toward external stimuli. Thus, because greater deactivation of the default network during an experimental task is associated with the attentional resources directed to process external stimuli (Anticevic et al., 2010; Benjamin et al., 2010; Hayden et al., 2010; Mayer et al., 2010) , it should be a sensitive measure of cultural differences in allocation of visual attention to task demands.
There is evidence that neural activity differs as a function of analytic and holistic visual processing styles in Westerners and East Asians, respectively. Using a visuospatial line judgment task, Hedden et al. (2008) showed that Westerners engage greater fronto-parietal processing than East Asians when making relative judgments, whereas East Asians engaged these regions more when making absolute judgments. These findings suggest that participants recruit greater attentional resources when processing visual stimuli in a manner that conflicts with their culturally preferred visual processing style. Interestingly, Jenkins et al. (2010) also showed that East Asians engaged greater activity in lateral occipital regions than Westerners when objectbackground contextual relationships were incongruent [see also Goto et al. (2010) for a similar finding using ERP]. This finding is consistent with greater attentional involvement in East Asians when their default holistic processing style encounters difficulty in processing contextual information in the visual stimuli.
Taking the above findings together, in this present study, we hypothesized that culture-related differences in visual processing style would engage different levels of attentional effort in Westerners compared to East Asians during a relative visual judgment task, and that this would be reflected in the degree of suppression of the default network system. We used a visual judgment task utilized by Park et al. (2010) that yielded strong evidence for modulated default network activity. Participants made judgments about the distance between a dot and a bar relative to the length of a reference line. We hypothesized that this relative comparison of two visual properties would be more effortful for Westerners than East Asians due to their analytic bias to attend to each object independently, but would be less difficult for East Asians due to the holistic bias to encode relationships between objects. We expected that the increased difficulty for Westerners would be reflected in a greater neural response in frontal-parietal regions, similar to results obtained by Hedden et al. (2008) on a related task. Critically, we expected that Westerners would also show greater suppression in default network regions compared to East Asians, reflecting the greater engagement of attentional effort and greater suppression of introspective processes. We also considered the relationship of neural activity to differences in cultural values, specifically, to individualism in Western culture and collectivism in East Asian cultures Nisbett, 2003; . These individualistic and collectivistic culture value systems are associated with distinctive social interactions and physical environments that differentially shape the cognitive processing of individuals within these cultural environments (Nisbett & Miyamoto, 2005; Miyamoto et al., 2006) . Moreover, cultural studies of social cognition and self-concept have shown that default-network activity reflects individual differences in subscribing to individualistic and collectivistic values (Han & Northoff, 2008; Chiao et al., 2009 Chiao et al., , 2010 . Thus, we obtained measures of individualism and collectivism (Schwartz, 1992) in each participant and examined the relationship of these measures to neural activity in specific brain regions. (Hofstede, 2001) . To keep our sample comparable to other studies, all East Asians were ethnic Chinese born in Singapore. Visual acuity in the scanner was corrected to at least 20/40 on the Snellen scale. Participants gave informed consent approved by local institutional review boards at the two sites and were remunerated after the study. Those who had counterindications for scanning were excluded.
MATERIALS AND METHODS

Visual reproduction test and Schwartz value survey
As an additional independent measure of visual processing style, participants completed the Visual Reproduction Test (Wechsler, 1997) outside the scanner that assessed their ability to recall details about abstract line drawings as a proxy for where attentional resources have been directed. Participants were given 10 s to view each of four drawings, after which the drawing was removed and the participant had to reproduce it on a blank sheet of paper. Participants' drawings were scored such that higher scores indicated more detailed reproduction of the drawings, reflecting a processing style that attends more to visual features.
Participants also completed the Schwartz Value Survey (SVS; Schwartz, 1992 ) that measured the degree to which they subscribed to individualistic and collectivistic values. For each participant, we obtained ratings of the subjective importance of sub-scale values of the SVS, which consisted of the individualistic values power, achievement, hedonism, stimulation and self-direction and the collectivistic values universalism, benevolence, tradition, conformity and security. We also computed summarized scores of individualism Culture-related differences and the default network SCAN (2013) and collectivism using the averages across the respective associated SVS sub-scales.
fMRI scan stimuli and procedure In the blocked-design fMRI experiment, participants performed a variant of the visuospatial judgment task used by Baciu et al. (1999) and Park et al. (2010) . Participants completed a single run (7 min 12 s) that consisted of two types of task blocks: the coordinate task and the control task (Figure 1 ). At the beginning of each task block, participants were shown a cue for 3 s that informed them about which task they were to perform. In the coordinate task, participants were first shown a reference vertical line for 3 s at the beginning of each block of trials and were to remember the length of the line. When the block began, participants viewed stimuli consisting of a dot that was either above or below a horizontal bar, and their task was to decide and respond using button presses whether the dot was farther away from the bar than the length of the reference line for each trial. Each bar and dot trial remained on screen for 1750 ms followed by a 250 ms blank screen. There were six coordinate task blocks consisting of 15 trials each with half of the trials consisting of dots that were farther. Trial types were randomly distributed within each block, and each block (including cue, reference, and task trials) lasted 36 s. In the control task, participants saw stimuli consisting of a horizontal bar between two dots and were to respond by alternately pressing two buttons upon the appearance of each stimulus. This control task was designed to engage minimal cognitive processing and act as a baseline by controlling for motor responses. The number of blocks, trials, and duration for control task blocks were identical to the coordinate task.
All stimuli remained on screen until the participant responded or until the end of the stimulus duration. Coordinate and control blocks alternated across the single-run of this experiment. Stimuli were presented using E-Prime software (http://www.pstnet.com/eprime.cfm) with back-projection through the scanner bore and a mirror mounted on the head coil. (Sutton et al., 2008) . Briefly, the same four participants underwent several sessions of functional scanning involving visual and motor tasks at both the Singapore and USA sites, using the same scanning sequences and hardware. Data analysis revealed that the individual differences and task-related differences in neural responses greatly exceeded the small amount of variance contributed by scanners. Moreover, phantoms were scanned at both sites on a daily basis once this study began to ensure that the calibration between magnets was maintained.
Imaging protocol
Image analysis
Functional images in this present study were analyzed using SPM5 (http://www.fil.ion.ucl.ac.uk/spm/). The images were preprocessed with slice-timing and motion correction, and normalized to MNI space. Images were then smoothed with a FWHM 8 mm Gaussian kernel. In the first-level voxel-by-voxel statistical analysis, general linear models (GLM) were computed for each participant that consisted Fig. 1 A sample of one block of stimuli presentation timings during the fMRI experiment.
of the onsets of each of the coordinate and control blocks convolved with the hemodynamic response function (HRF), along with motion correction parameters. Contrasts were then performed on these first-level individual GLMs to obtain response estimates for the difference between responses to coordinate and control tasks in each voxel (coordinate > control contrast) for each participant. These individual response estimates were then used as the dependent variable in a second group-level analysis consisting of a factorial model with culture groups (US and SG) as the between-subject variable. Group-level whole brain contrasts were then performed on the factorial model to identify voxels that showed significant cultural differences in the brain responses to the coordinate vs control conditions within task-active and default-network regions, as follows. To examine culturerelated differences in task-active regions, we created a mask based on voxels that showed significantly greater responses to coordinate relative to control conditions (coordinate > control contrast) at P < 0.001, with a cluster size threshold of 20 voxels. Within this mask of task-active regions with reduced number of voxels for consideration, we then identified voxels that showed significant cultural differences (US > SG or SG > US) at P < 0.005, cluster size threshold 20 voxels, in the coordinate relative to control responses. Similarly, we examined culture-related differences in default-network regions by creating a mask based on the control > coordinate contrast (P < 0.001, cluster size threshold of 20 voxels), and then identifying voxels showing significant cultural differences within this mask at P < 0.005, cluster size threshold 20 voxels. The cluster size threshold of 20 voxels was determined using Monte Carlo simulations (as implemented in Slotnick et al., 2003) based on our imaging parameters and corrected P value < 0.05.
We additionally assessed whether trial-by-trial responses times (RT), an index of time-on-task and cognitive effort (Yarkoni et al., 2009) , would contribute to culture-related differences in brain responses to coordinate vs ccontrol conditions. We performed another group-level analysis that was identical to the one above, except that individual brain response estimates were obtained using first-level GLMs that included trial-by-trial RTs, convolved with the HRF, as a covariate for each participant. To the extent that cultural differences in coordinate vs control processing are related to cognitive effort, RT as a covariate should account for and reduce group differences in brain response estimates to these conditions.
We also performed regions-of-interest (ROI) analysis as a follow-up of the whole-brain analysis to relate brain responses to the SVS measures as well as behavioral responses in the coordinate task and performance in the Visual Reproduction Test. ROIs were based on regions that showed significant culture group differences in the whole-brain analysis. Specifically, ROIs were specified as contiguous significant voxels within a 10 mm radius around the peaks identified in the whole-brain contrasts for culture-related differences in task-active and default-network areas. Estimates of the responses to coordinate relative to control conditions (coordinate > control contrast) were then extracted from these ROIs for each participant and submitted to two-tailed independent t-tests with homogeneity of variances across culture-groups assumed, and Pearson's correlations with two-tailed tests of significance. With respect to cultural differences in values, group differences in SVS sub-scale ratings have been reported for this sample in a previous study and only significant results are listed here. Briefly, the US group gave higher ratings than the SG group for Hedonism (an individualistic value) [US ¼ 9.0 (0.3), SG ¼ 8.1 (0.4); t(95) ¼ 1.89, P < 0.05], but the SG group rated benevolence [US ¼ 23.6 (0.5), SG ¼ 25.4 (0.5); t (95) Culture-related differences and the default network SCAN (2013)Whole-brain analysis Figure 2 shows the results of the whole-brain analysis of cultural differences in the response to coordinate relative to control conditions in task-active and default-network regions and Table 2 lists the peak voxels of this analysis (see Supplementary Table S1 for locations of peak voxels for the task-active and default-network regions). The locations of task-active and default-network regions found in this study were consistent with those reported in Park et al.(2010) and prior literature. In all task-active areas listed in Table 2 and seen in Figure 2A , the US group showed greater responses to the coordinate condition than the SG group in attention-related regions that included bilateral inferior parietal (LIPL and RIPL) and middle occipital regions (LMOG1, LMOG2 and RMOG), right middle frontal (RMFG) and inferior temporal regions (RITG). There were no regions in the task-active areas that showed greater coordinate responses in the SG compared to the US group. In contrast to the task-active areas, in default-network areas, the US group showed greater deactivation than the SG group during the coordinate task in the left angular (LAG), medial frontal (LMeFG), parahippocampal (LPHC), hippocampal (LHC) and right middle temporal regions (RMTG) ( Figure 2B and Table 2 ). There were no regions in the default network that showed less deactivation in the US compared to the SG group. These group differences in task-active and default-network areas were somewhat reduced when RT was used as a covariate in the whole-brain analyses (see 'Materials and Methods' section; Figure 2C and D). Specifically, group differences in LIPL, LMOG1, and RMOG in task-active areas, and in LMeFG in default-network areas remained. Thus, although some of the culture effect observed in the task-active and defaultnetwork was due to longer time-on-task in US subjects, culture differences in neural activity generally remained consistent. Overall, the findings are consistent with the notion that, compared to East Asians, Westerners engaged greater processing in attention networks and suppressed default network processing more, even after time-on-task was controlled.
RESULTS
Behavioral performance and values
ROI analysis
To follow-up the findings from the whole-brain analysis, we examined the responses during the coordinate relative to control conditions in the task-active and default-network ROIs that were associated with culture-related differences reported above. Figure 3 shows the extracted responses from each ROI that reflect the whole-brain analysis. Consistent with the whole-brain analyses, during the coordinate task, the US group showed greater responses in task-active ROIs ( Figure 3A ) and greater suppression in default-network ROIs ( Figure 3B ), compared to the SG group.
While correlations between behavior and brain responses in these ROIs were relatively weak, some significant relationships bear mention. We found that higher visual reproduction scores were associated with greater functional responses in task-active regions [RIPL: r(95) ¼ 0.20, P < 0.05; LMOG1: r(95) ¼ 0.27, P < 0.05; RMOG: r(95) ¼ 0.26, P < 0.05; RITG: r(95) ¼ 0.21, P < 0.05] as well as greater suppression in default-network regions [LAG: r(95) ¼ À0.24, P < 0.05; LMeFG: r(95) ¼ À0.25, P < 0.05; RMTG: r(95) ¼ À0.23, P < 0.05]. These correlations suggest that participants who attend more to visual features as a preferential processing style had greater difficulty in performing relative visual judgments and thus required greater neural effort to do so. In addition, slower response times in the relative visual judgment task in the scanner was marginally correlated with greater functional responses in the RMOG [r(95) ¼ 0.17, P < 0.10], a task-active region, which also supports the notion that greater responses in visual attention regions reflects greater task difficulty.
With respect to SVS values, higher ratings of Hedonism, an individualistic value, was associated with greater suppression in the default network [LMeFG: r(95) ¼ À0.25, P < 0.05; LHC: r(95) ¼ À0.24, P < .05]. Also, higher ratings of Tradition, a collectivistic value, was associated with less suppression in the LMeFG [r(95) ¼ 0.21, P < 0.05] in the default-network, and reduced responses in task-active areas [LMOG1: r(95) ¼ À0.22, P < 0.05; LMOG2: r(95) ¼ À0.23, P < 0.05; RITG: r(95) ¼ À0.27, P < 0.05]. Greater collectivism was marginally correlated with less suppression of the left angular gyrus (LAG: r ¼ 0.17, P < 0.10). These findings are consistent with the association between culture-related biases and neural function such that Westerners who are more individualistic tend to engage greater responses in task-active regions and suppress default-network activity during this relative visuospatial task more than East Asians who are more collectivistic.
DISCUSSION
The results in this study are consistent with greater attentional processing in Westerners than East Asian when making relative visuospatial judgments that is associated with greater recruitment of task-active regions and, Fig. 3 Responses during the coordinate relative to control tasks in (A) task-active and (B) default-network ROIs that showed significant culture-related differences. All group differences are significant at P < 0.05 and error bars show standard errors.
Culture-related differences and the default network SCAN (2013) Our findings show that culture-related differences in visual processing extends to the default-network, adding to studies that have found functional differences between Westerners and East Asians in other brain regions. Culture-related differences in perceptual processing of visual stimuli have been reported in the ventral-visual cortex (Gutchess et al., 2006; Goh et al., 2007 Goh et al., , 2010 Jenkins et al., 2010) . Specifically, consistent with a more analytic visual processing style in Westerners, Westerners tend to show greater object-processing responses in the lateral occipital complex and temporal regions compared to East Asians when processing naturalistic pictures consisting of objects and scenes (Gutchess et al., 2006; Goh et al., 2007) . In addition, Goh et al. (2010) found that Westerners also show more analytic processing of face stimuli associated with bilateral fusiform involvement in comparison with more holistic face processing in East Asians associated with more right-lateralized fusiform responses (Sergent, 1982; Rhodes, 1985; Rossion et al., 2000; Rotshtein et al., 2007) . As previously mentioned, culture-related differences in visual processing styles have also been associated with differences in attentional control mechanisms in fronto-parietal (Hedden et al., 2008) and occipital regions . Taken together with our findings of culture-related differences in default-network function, the extent to which cultural differences are present in brain function may now be seen to be more widespread and ingrained in neurocognitive processes than previously thought.
Culture-related differences in default-network function can be attributed to differences in general attentional demand associated with the level of difficulty Westerners and East Asians had during the relative visuospatial judgment task. Thus, the default-network responses observed may index downstream effects of cultural differences in the level of engagement of visual processing elsewhere in the brain. It is also plausible that the default-network differences observed reflects culture-related differences in top-down processes that bias the way visual stimuli are perceived and attended to, independent of processing difficulty. That is, different ability to suppress default-network processing in Westerners and East Asians may determine how they subsequently attend to different elements in a visual scene. Greater default-network suppression may facilitate analytic processing in Westerners through a greater but narrower focus of attention on specific visual object features, whereas less default-network suppression may bias East Asians to adopt a wider attentional focus to integrate information between multiple visual elements.
Initial clues to these subtle but important causal distinctions in the mechanism of cultural differences in default-network processing may be seen in studies that have related default-network processing to individual differences (Chiao et al., 2009 (Chiao et al., , 2010 ) and cultural differences (Zhu et al., 2007) in self-processing. In Chiao et al. (2009 Chiao et al. ( , 2010 , greater responses in the medial frontal regions during general and contextual judgments predicted whether individuals subscribed to individualistic or collectivistic styles of self-construal, respectively. Importantly, Chiao et al. (2010) showed that manipulating individualistic or collectivistic biases in participants through priming modulated medial frontal responses and subsequently their self-construal values, suggesting that differences in medial frontal processing affected the biases that participants expressed in their judgments. In our study involving visual cognition and attention, we find some evidence suggesting that greater collectivism in East Asians was associated with less suppression of the default-network regions, compared to Westerners. Thus, we cautiously speculate that perhaps some aspect of individual differences in cultural values may be related to differences in visual cognitive processing in Westerners and East Asians and that the default-network regions are important for the connection between these psychological domains. To effectively characterize the association between cultural values, cognition and default-network processing, however, would require much more definitive evaluations of the acquisition of cultural values over the lifespan and more temporally sensitive measures of neural function. At the very least, our findings show that culture-related differences in default-network processing are present during a cognitive task that does not involve self or social processing, suggesting that a more general mechanism is involved in defaultnetwork activity that manifests across the domains of cognitive, self and social processing.
In sum, the results of this study are consistent with the notion that culture-related differences in analytic and holistic visual processing styles are tied to differences in attentional processes. These cultural differences in visual processing involve a bias to attend to different aspects of the visual stimulus, thus processing them in a culturally non-preferred way requires more neural effort to compensate for or overcome the attentional bias. Critically, the neural signature of these culture-related differences in attentional bias can be seen in regions involved in perceptual processing, attentional control, and now, even in default-network processing. The widespread nature of these cultural differences in brain function reflects the plasticity of the brain and provides impetus to reconsider the heterogeneity of human cognition in future studies and everyday situations.
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